Background: Pulmonary vein isolation (PVI) is the cornerstone of atrial fibrillation (AF) ablation in both paroxysmal and persistent AF. However, this procedure is still challenging and time consuming. Objective: The aim of this study was to present our approach for PVI using a novel circular irrigated multielectrode mapping and ablation catheter (nMARQ TM ) and to present acute and mid-term results. Methods:
The study included 31 consecutive patients with symptomatic AF (4 had persistent and 27 had paroxysmal AF) who underwent PVI using the nMARQ TM catheter. Circular ablation was guided by CT image integrated into fast anatomical map and by intra cardiac echo. Isolation of pulmonary veins was identified using the nMARQ TM catheter if it was possible to advance it into the veins, otherwise Lasso catheter was used. Patients were followed up to 20 months. Results: PVI was achieved in 119 (98%) out of 121 pulmonary veins identified, and final PVI was obtained in 30 (97%) out of 31 patients. Lasso catheter was needed for PVI confirmation in 16 (52%) patients. Touch up ablation using standard catheter guided by Lasso catheter was needed in 4 (13%) patients. Pericardial tamponade occurred in 1 patient who was treated with pericardiocentesis. No other major complications were detected. During follow-up (mean 15.9 ± 3.6 months, range 9 -20 months), 4 (13%) patients had recurrence of atrial tachyarrhythmia. Conclusion: PVI using the novel nMARQ TM catheter is safe with good acute and mid-term efficacy. Long term follow up trials are needed.
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Introduction
In treatment of symptomatic and drug refractory atrial fibrillation (AF), catheter-based pulmonary vein isolation (PVI) has been established as a standard procedure by using a single-tip ablation catheter for creating linear lesion surrounding ipsilateral pulmonary veins (PVs) [1] . However, this procedure is still time consuming and requires experienced operators and centers. In addition, repeat procedures are required in a significant number of cases and recurrent PV conduction is responsible for most ablation failures in paroxysmal AF [2] . The so-called single-shot devices such as cryoballoon and pulmonary vein ablation catheter (PVAC) aimed at the creation of circumferential lesions by only a few applications have been developed and are in clinical use in the recent years [3] [4] . Recently, a novel irrigated multi electrode mapping and ablation catheter (nMARQ TM catheter, Biosense Webster, Diamond Bar, CA) was introduced for PVI. The nMARQ TM catheter is an 8.4-F decapolar mapping and radiofrequency (RF) ablation catheter with an adjustable circular array of a diameter between 20 and 35 mm [5] . Platinum electrodes are 3 mm long, with a spacing of 4 mm. Each of the electrodes possesses a thermocouple and holes for irrigation. This catheter has the capability of combining both 3-dimensional (3D) electroanatomic mapping and multipolar RF ablation through open irrigation design. Preliminary reports on PVI with nMARQ showed a good acute success. The nMARQ ablation system provides both short procedure and fluoroscopy times compared with other existing ablation systems [5] . However, long term follow up is lacking. The aim of this study is to present our approach of PVI using this new technology and midterm clinical follow-up up to 20 months.
Methods
We summarized our initial experience of PVI using nMARQ TM circular catheter guided by CT image integration into an electro anatomic map and intracardiac echo (ICE) during 2014. All patients gave written informed consent before the procedure according to local institutional guides. The procedure was done during deep sedation with fentanyl and midazolam. Single trans-septal puncture was done with guidance of ICE, and steerable sheath was introduced to left atrium (LA). The nMARQ TM catheter was advanced to LA via the steerable sheath. Intravenous unfractionated heparin (UFH; 100 IU/kg) was administered after trans-septal puncture. The activated clotting time (ACT) was determined every 30 minutes and additional boluses of UFH were administered aiming to maintain ACT >320 seconds throughout the procedure. Initially, fast anatomic map (FAM) of LA and LA/ PVs junctions was performed. The ostium and veno-atrial junction of each PV was identified by fluoroscopic guidance, intra cardiac electrogram from the nMARQ TM catheter, and ICE. The FAM was merged with 3D-anatomical chamber reconstructions of LA and PVs derived from pre procedure (up to 24 hours) cardiac computed tomography (CT). Image integration was based on registration involving landmark points and surface alignment using the Cartomerge software (Cartomerge, Biosense Webster., Diamond Bar, CA, USA) as described previously [6] . Circular RF ablation of each vein at the antrum about 1 cm of veno-atrial junction was performed. The target site for ablation was determined by intracardiac electrogram, CT/FAM integrated image and confirmed by ICE (Figures 1-3) . ICE was advanced to right atrium via right or left femoral vein in all patients. It was used for the guidance of trans-septal puncture. Veno-atrial junctions were easily identified by maneuvering the ICE catheter within the right atrium. The nMARQ TM catheter was nicely visualized within the LA (Figure 2) . Ablation was performed when the location of then MARQ TM catheter seemed to be optimal at the veno-atrial junctions. We tried to keep good contact of all poles with tissue while keeping all the poles out of veins in order to minimize the risk of PV stenosis. ICE was also used for early detection of acute complication, mainly pericardial effusion and or thrombi in LA. RF energy was delivered only in unipolar mode at a maximum power of 15 W along the posterior wall, and at a maximum powerof 20W along the anterior wall at a flow rate of 60 mL/min. The maximum temperature was set at 43 C. Poles with high impedance and or temperature were shut down before or during ablation. One of poles 1 and 10 was shut down if these poles were very close as seen by fluoroscopy or catheter visualization on CT/FAM integrated image and or the presence of artifacts on endocardial signals in order to avoid any energy cross-talk that may causes overheating and thrombus formation. RF ablation was delivered around each vein for two 2 sessions; up to 60 seconds in the first, and up to 40 seconds in the second. The nMARQ TM catheter was turned clockwise between 90˚ and 120˚ in the second RF session if it is possible. After that, the nMARQ TM catheter was advanced beyond the circle of ablation and if possible into the vein after adjusting it to the smallest possible diameter. The position of nMARQ was continually confirmed by ICE. At this point, ablation was delivered via poles showing earliest electrical activity if there is any activity. Lasso catheter (Lasso, Biosense Webster, Diamond Bar, CA, USA) was inserted via the same sheath at the end of ablations if PV isolation was not obvious or PV could not be intubated by the nMARQ TM catheter. Repeated ablations were done accordingly after re advancing of the nMARQ TM catheter. Touch up ablation using standard catheter guided by Lasso was performed if isolation was not achieved after final ablations using the nMARQ TM catheter. Lasso was inserted via a second sheath into the same transseptal hole.
All patients were followed in the outpatient clinic 3 months for up to 20 months.
Ambulatory 24 hour Holter recording was performed at least once after 3 months of the index procedure. Recurrence was defined as any clinical or documented atrial tachyarrhythmia lasts more 30 seconds after a blanking period of 3 months. All patients were treated with anticoagulation for at least 3 months. Anticoagulation was continued after 3 months in high risk patients according to CHADS 2 score. Anti arrhythmic medications were stopped after 3 months if there was no evidence of recurrence.
Statistical Analysis
Variables are expressed as mean ± SD. Categorical variables are expressed as numbers and percentages.
Results
This cohort included 31 patients (mean age 55 ± 13 years, 18 males). Baseline characteristics and ablation related data are summarized in Table 1 and Table 2 Cavotricuspid isthmus (CTI) ablation was performed in the index procedure in 3 (9.7%) patients because of documented typical atrial flutter using 8 mm non-irrigated catheter. Roof line was performed in 1 (3%) patient with persistent AF using the nMARQ TM catheter by dragging it from left superior PV to right superior PV.
During follow-up up to 20 months (mean 15.9 ± 3.6 months, range 9 -20 months), 4 (13%) patients had recurrence of atrial tachyarrhythmia. The recurrence rate would be 13% if all patients were included in the follow up analysis and would be 14.3% if 3 
Discussion
PVI using the novel nMARQ TM catheter had a high acute success rate and good midterm clinical efficacy during follow-up time up to 20 months with rare major complications. The use of ICE is very helpful for positioning of nMARQ TM catheter and confirmation of tissue contact.
The findings in our paper are consistent with recent data published with other groups. However, the workflow of ablation procedure using nMARQ TM catheter was not consistent in these reports and the confirmation of PVI was not similar and mostly was not provided with the standard circular multipolar mapping method. In the study of Shin et al. [5] , 25 consecutive patients with PAF underwent PVI by using nMARQ TM catheter. Ablation was guided by left atrial angiogram, fluoroscopy, intracardiac signals from the nMARQ TM catheter, and anatomic mapping. Overall, 100% targeted PVs could be isolated without procedure-related complications. In other study 25 patients with PAF underwent PVI using the nMARQ TM catheter [7] . The ablation was guided by electroanatomic map created by nMARQ TM and merged with the 3-D magnetic resonance imaging (MRI) shell of LA. PVI, confirmed by Lasso catheter mapping, was achieved in 98% of PVI identified, and final PVI was obtained in 96% of patients. Similar results were reported in other study which included 43 patients who underwent PVI using nMARQ TM . A preablation CT with segmentation of the LA was performed and image integration was used in all procedures [8] . Effective PVI was achieved in 98% of targeted PVs. No clinical procedure-associated complications were noted.
The acute success rate found in this study and reported in recent studies using the novel nMARQ TM catheter [5] [7] [8] compares with the acute success rate reported by previous studies using a conventional, single-tip approach guided by a 3D mapping system [9] , cryoballoon [3] , a visually guided laser balloon catheter [10] , or PVAC [4] .
We used Lasso catheter (more than half of patients) for confirmation of PVI when the nMARQ TM catheter could not be advanced into veins or when the isolation is not obvious. The deployment of nMARQ TM catheter into right inferior PV can be challenging specially if it is small. Confirmation of PVI was achieved using mainly the nMARQ TM catheter in some studies [5] [8], while Lasso catheter was used in others [7] .
Shin et al. [5] reported that the deployment of the nMARQ TM catheter into PVs for confirmation of PVI was successful in all veins except 28% of right inferior PVs, thus necessitating the placement of an octopolar diagnostic catheter. In all cases except one left inferior PV, confirmation of PVI was achieved using only the nMARQ TM catheter as reported by deneke et al. [8] . However, the concordance between the nMARQ TM signals
and Lasso signals may not be perfect. Scaglione et al. [7] reported that the overall concordance between Lasso catheter and nMARQ TM catheter signals in demonstrating PVI was 78% [7] . Rosso et al. [11] found that, after RF delivery, the concordance of recordings between the nMARQ TM catheter, and the lasso catheter was poor. They concluded that the use of the nMARQ TM catheter alone may lead to underestimation and overestimation of the number of RF applications required to achieve PV isolation. Importantly, in these studies, the concordance between nMARQ TM and Lasso signals was investigated while the nMARQ TM catheter positioned around the PV ostium, and the lasso catheter positioned within that vein.
Touch up ablation was needed in 4 patients (PV isolation could not be achieved in 1 patient even after touch up ablation), all of them were within the first 10 cases. It seems that touch up ablation is rarely needed after short learning curve. Touch-up ablation using a 3.5-mm tip open-irrigated catheter was needed only for 1 patient (2 veins) as reported by Scaglione et al. [7] but not in any of the case reported by Shin et al. [5] . One left superior PV and 1 left inferior PV could not be isolated using the nMARQ TM catheter as reported by Deneke et al. [8] . However, is not mentioned if touch up ablation was performed.
Major clinical complications were not detected in any patient except pericardial tamponade in 1 patient who was treated by pericardiocentesis. No clinical CVA/TIA were detected. We did not perform post ablation MRI, thus silent cerebral lesions could not be ruled out. According to Deneke et al. [8] , silent cerebral lesions were found in 33% of patients detected by post ablation MRI. In contrast, Scaglione et al. [7] reported no silent cerebral ischemia on the basis of MRI after using a workflow to prevent CVA/ TIA that was instituted based on previous experiences. We tried to keep ACT above 320 seconds and to resume anticoagulation 3 hours after removal of sheaths. We were concerned about the exchange of nMARQ TM catheter with Lasso catheter when needed for confirmation of PVI. This exchange can increase the risk of thrombus and air emboli.
However, this exchange seems to be safe if catheters introduction and withdrawal are performed while aspirating from the sheath during their manipulation according to our study and the study of Scaglione et al. [7] who used similar flow chart and did not observed silent cerebral ischemia.
No clinical complication associated with thermal esophageal lesions were observed in our study. Decreasing the power delivered a long the posterior wall (maximum 15 W in our study) can reduce the risk of esophageal injury. We did not perform esophageal endoscopy, thus could not estimate the rate of non-clinical thermal lesions. Non-clinical thermal esophageal lesions detected by post ablation endoscopy were reported among 33% of patients in recent study [8] . In this study, ablations were performed with 25W over all applicable electrodes in the first 31 patients and with an adapted maximum of 20 W on the posterior wall of the LA in the last 12 patients in order to reduce the incidence of esophageal thermal lesions. Esophageal lesions were higher (42% vs.
20%) when maximum energy delivery at the posterior wall was 25 W compared to 20 W, respectively. In the other hand, even all the mentioned studies did not report clinical complication associated with thermal esophageal lesions, fatal outcome like esophagopericardial fistula can occur after ablation of AF using nMARQ TM as was previously reported [12] .
We used ICE for positioning of nMARQ TM catheter at the LA/PVs junctions during creation of FAM allowing precise merging of 3D FAM with 3D CT shell. In addition ICE helps to confirm the position of nMARQ TM catheter during ablation and prevents inadvertent ablation within the vein specially if there is an anatomical variants like left common ostium. Furthermore, ICE helps to monitor the contact of the catheter with tissue and to get the optimal position of all the poles while turning the catheter clockwise around the ostium. In addition ICE provides rapid, real-time localization of the esophagus during LA ablation that is comparable to MRI [13] . [5] . Following a 6-month follow-up, 68% of patients remained free from AF without antiarrhythmic drugs in other study [7] . Zellerhoff et al. [16] reported that single and multiple procedures success rates using nMARQ TM during a mean follow-up of 140 ± 75 days were 66% and 77%, respectively. In this study, recurrences of AF were mainly due to recovered PV/LA conduction. In a multicenter study, 65% of paroxysmal AF patients (1-year follow-up data were available in 25% of patients) and 65% of persistent AF patients (1-year follow-up data were available in 18% of patients)
were free of arrhythmia at 1 year after nMARQ TM ablation for AF [17] . In another multicenter study [18] , 180 consecutive patients underwent PV isolation by nMARQ TM ablation catheter in 7 centers. In this study 98% of the targeted veins were isolated (the signals recorded by the nMARQ TM catheter were used to demonstrate the PV entrance block). In only 4 patients (2.2%) a single-point ablation strategy was required to achieve PV isolation. During a mean follow-up of 13.9 ± 8.2 months, 27% of patients with paroxysmal AF and 30% of patients with persistent AF had an atrial arrhythmia relapse.
One case of PV stenosis was reported.
Our patients were followed up to 20 months, all of them except 3 patients were followed at least 12 months. The rate of recurrence is acceptable and comparable to other studies, even though the real recurrence rate might be higher if all the patients had a follow-up period of 20 months. The long term efficacy of this novel technology is not known and needed to be addressed with future studies.
Conclusions
PVI using the novel nMARQ TM catheter is safe with good acute and mid-term efficacy.
However, there are some limitations. This study included small number of patients.
The patients had different periods of follow up (most of them had at least 12 months follow up). Thus, the actual recurrence rate could be higher. Moreover, the recurrence rate was determined on a clinical basis and on 24 hours holter in some patients, so asymptomatic AF episodes might be missed. Other catheters were used in this study in addition to nMARQ TM : Lasso for PVI confirmation in about half of patients and standard 3.5-mm tip open irrigated for touch up ablation to complete PVI in 3 patients.
Thus we could not know if the results will be similar if Lasso catheter and or touch up ablation were not used.
We were not aware of clinical PV stenosis. However, the rate of PV stenosis could not be determined in this study because of lack of post ablation imaging. This complication seems to be rare after PVI using the nMARQ TM catheter. However, this issue should be addressed by future imaging studies.
Long term follow up and randomized studies are needed to determine the long term efficacy of circular ablation using nMARQ TM cathete compared to point to point ablation or to other technologies.
